arXiv:nucl-th/9808028v2 12 Aug 1998 


Photopion reactions on deltas preexisting in nuclei 


A. Fix 

Tomsk Polytechnic University, 634004 Tomsk, Russia 
I. Glavanakov, Yu. Krechetov 
Nuclear Physics Institute, 634050 Tomsk, Russia 

February 9, 2008 


Abstract 

Reactions A( 7 , tt+p) are considered to proceed through the formation of pairs on A 
constituents in nuclei. We develop the nonrelativistic operator of ^ 7r+p process in an 

arbitrary frame. The calculated cross section of ^^(7(7,7r+p) reaction is compared to the existing 
experimental data. 

The role of isobars as nuclear constituents was a topic of a large body of research over a 
long time (a comprehensive review can be found in Refs. §0)- There is a convincing evidence 
that a small admixture of enternally excited nucleons always presents in nuclei. Since these 
virtual excitations, proceeding during the collisions NN —>■ N*N{N*N*), are more intensive 
at the large relative momenta of nucleons, the isobar conhgurations are assumed to be 
responsible for high momentum components of nuclear wave functions. Therefore, they can 
manifest themselves in nuclear reactions with large momentum transfers. 

However, more direct way to demonstrate the existence of isobar constituents in nuclei as 
well as to gain a better insight into their dynamical properties is to study the so-called isobar 
knock-out proceses 0. In this regard, the A(7,7r+p) reactions, which can be interpreted 
merely as absorption of incoming photon on preformed in a target nucleus followed 
by its real decay into vr+p pair, are the most attractive ones. The main advantage of this 
channel is that it is free of any influence of direct photoproduction mechanism, in contrast 
to the A( 7 , TT+n) reaction, where the contribution of a preexisting A"*" will be overwhelmed 
by the A"*" creation on a quasifree proton in yp ^ A+ —> vr+n process. 

To date, only one exclusive measurement of A( 7 ,7r+p) reaction has been reported in 
Ref.Q, where the results of the hrst comparative studies of ^^C'(7,7r+n) and ^^C'(7,7r+p) 
channels are presented. While the ^^G( 7 ,7r’''n) cross section is dominated by the quasifree 
mechanism, the higher order FSI (Final State Interaction) processes involving also charge 
exchange are assumed to be the source of the ^^G( 7 , vr+p) reaction yield. The latter assump¬ 
tion is, however, not undoubtedly conhrmed by a calculation performed within the Valencia 
model (VM) [Q, which markedly underestimates the data. 
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In this paper we want to explain the observed ^^C( 7 ,7r’''p) cross section, at least partially, 
as a signature of the admixture in ground state. 

The starting point of our discussion is the elementary —> 7r’''p amplitude, which 

we need as input for a nuclear calculation. It is schematically shown in Fig.l, where the 
energies and the momenta of participating particles are also labeled. The matrix element 
is constructed in analogy with one-particle exchange model. The relevant diagrams are 
depicted in Fig.l(a-d). We restrict ourselves to nonrelativistic limit keeping only terms up 
to the order (p/M)^. The irNA vertex is 


Tm = -i—FM) 


■ QnN 


( 1 ) 


where = {qM^ — p^E.,,)/{M n + Ft,) is the relative momentum in nN system. The 
transition spin operator ctata is defined by its reduced matrix element 


II '^NA II 1) = 


- 2 . 


( 2 ) 


For the ttNA coupling constant we take the value /A/47r = 0.37 obtained from the A decay. 
It is generalized to the off-shell region by the conventional monopole form factor 


fAqD = 


A2 


m„ 


A^-ql 


( 3 ) 


with a cut-off mass A = 1 GeV and being the pion 4-momentum. 

For the nucleon and isobar currents the following expressions are used 
^ e 


Jn — 


3 A = 


2M]^ 
e 


eN{pN +Pn) + PNii^N X k) 

eA{PA + Pk) + Pa i{^A x k ) 


( 4 ) 


( 5 ) 


2Ma L 

Here pn (pa) and pkipk) ^^e incoming and outgoing nucleon (isobar) momenta, respec¬ 
tively. The charge and the magnetic moment of proton and A^^ are 


Cp = 1, /ip = 2.79 n.m., 6^++= 2,, /iA++= —2.3 n.m., (6) 

where the value of pa++ was obtained in ^ within a bootstrap model. The spin operators 
ajsi and a a have the following normalization 

4 II II = Ve, (|||<ri|||>=2Vl5. (7) 

After taking together all terms depicted in Fig.l(a-d), it is convenient to split the resulting 
amplitude into the vector and the tensor part 

tx = i{A- an a) + Vd 0 ctJ^a}'”' > (8) 

where the spin operator 

^IvA = ® (9) 
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has the reduced matrix element 


4 ll^Kkll f) = -v^. 


( 10 ) 


The quantities A and Ajfl defined by (|]) are functions oi pjv and as well as the photon 
polarization vector After straightforward manipulation we find 


A = 


-V2 


e/A f 

m„ \ 




2{q- k){q- ex) 


t — ml 


QttN 


eA(PA • ^a) 


+ 


^n{pn ■ ^x) 


^Ma{Ea + Ery — E'^ + M]\f[EA E^ A’tv) 


( 11 ) 


Af = V2 


QttN x[kx ex] 
e/A 


5/iA 


+ 


Pn 


AMa{Ea + E^-E'^ + ^Ta) AM^iEA - E^ - E’j^) 




k X ® q%} 


X 


[1] l[2] 

Pa 


+ 


Pn 


2Ma{Ea + E^ — E'^ + ^Ta) 2M]x[{Ea A’at) 


( 12 ) 


Here = Mjv + {pa — ?)^/2Mjv and = Ma + {pa + k)"^/2 Ma are the energies of 
intermediate nucleon and delta and t = {E^ — E^,)"^ — {k — q)^. We use the energy dependent 
resonance width 


rA(lT) = 115 


q-rrN \ 


Qa 


w 


MeV, 


(13) 


with qA = 1.64 m^r and W being the ttN invariant mass. 

If we restrict ourselves to the c.m. system, the formal structure of the amplitude becomes 
similar to that for jN —>■ ttN process written in CGLN form [^] 


tx = iEi(ajvA-£x) + E2(ajvlkxex])(ajvA-q) 

+ iE3{aNA ■k){q- ex) + iEi{aNA ■/)(/• ^a) , 
with p = p/p. The amplitudes Ei read 

PA{k ■ (/) 


(14) 


El = 

m^ 

E2 = 


CO 

rriq, 

^4 = 

e2^^^q 


1 + 


Ma{Ea + Ery - E'y^ + ^T^) 

Pa 


2Ma{Ea + E.y 
2E^{t) 


+ 


Pn 


+ 


E'a + ^Ta) 2MAf{EA — Et^ — E'j^) 
Pa 




t — ml 2A4 a{Ea + E^ — Ea T ^Ta) 

‘^ET,{t) ^ ctv 

t - ml 2 Mn{Ea - E^- E'^) 


(15) 


Finally, the unpolarized differential c.m. cross section is related to the matrix element by 

(16) 


da _ q MaMat 1 j ^2 

~ ~ k (47r)W2 ’ 


dVt 
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where 


n' = j E l(h"|iAl|™A>p = i|-4T + iEi4"l= 

^ m/^m ^ 


(17) 


Using the explicit expression for Ajfl (|^), the last term in dnD may be written 


as 


Ei7>i?'r = 2 


efA 


X 


m-n 

, 2„2 




+ 




n 2 


— E'^ + ir^)) 2M]\f[E/\ — E.,^ — E'^) 


7 ' 2 " 

^■ 2/;7 - 72 1 /- t\2 1 


■ £a )'•“ - ^(9i« ' kf - ■ [i X £i] f 


(18) 


The calculated —>■ vr+p cross section is presented in Fig.2, where in addition the 

separate contributions from the various terms depicted in Fig.l are also shown. The distin¬ 
guishing feature of the differential cross section (Fig.2a) is its localization in the backward 
hemisphere, which is due to the strong constructive interference between different terms 
in this region. Noteworthy also is the large contribution coming from the pion pole term 
(Fig.lc), which is much greater than that for the yA —> ttN amplitude. This observation 
is, however, of little consequence, since in physically realizable case of a bound delta, where 
the exchanged pion is far of its mass-shell, the corresponding contribution turns out to be 
substantially reduced. The total cross section shown in Fig.2b has the shape peculiar to 
the exothermic reactions with divergence at the zero photon energy. This is also not the 
case for a bound delta, which, being far off-shell, does not produce any real pions, when 
Ey —>• 0. Thus, we conclude that the single particle cross section will be strongly affected, 
when implementing the elementary amplitude into the nucleus. 

We proceed to discuss the application of our model for the yA++ —> vr+p process to 
the nuclear reactions x4(y, vr+p). In order to connect all elementary ingredients with A’s 
dynamics in nuclear medium, we employ here the standart impulse approximation as well as 
the closure relation X)/ I/) (/I = 1 to sum over the states of residual nucleus. This approach 
yields for the lab cross section 


d?a 


MfMN qPN fniT^r) fp{Tp) 


1 ■5-^ 1-r2 


dT^dVt^dVtp A{2TifE-^ Ef + En{1 - Pn ■ {k - q)/p%) 


PA++(PA);r E I* 


(19) 


A=±l 


Here and Tp stand for the pion and proton kinetic energy. The residual nuclear system is 
assumed to be ^^He(g.s.) with the mass Mj and the total energy Ef. The function Pa++(pa ) 
describes the distribution of bound deltas in terms of their momentum p^. It is normalised 
as 


pA++{p) 


d?p 

(27r)3 


4 


( 20 ) 


where Aa is the number of deltas in the target nucleus. In the actual calculation we use 


PA++ (pa ) = 4 ■ )i(pa) , 


( 21 ) 


where i? = 3.2fm is the square-well radius of and the function n{p/\) has a meaning of 
the A’s occupation number inside the nuclear matter. The factor 4 in (^0]) accounts for the 
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spin magnetic number degeneracy. For the n{p/\) we adopt the analysis of Ref.|@, which 
gives for the A admixture in nuclear matter the value of the order of 7% per nucleon. 

The A constituent involved in formation through the elementary amplitude t\ in 
([T^) is treated to be off-shell as determined by the energy and momentum conservation for 
the elementary vertex 

Pa = q + PN-k, 

F-a = F/jr -|- En ~ E^ . (22) 


It is significant, that the photon energy 240 MeV < E^ < 400 MeV considered in this work is 
in great part not enough to overcome the A binding energy {Eb ~ 300 MeV). Consecuently, 
the A(7,7r+p) reactions discussed here are essentially the A decay in nuclear environment, 
rather than real A knock-out processes [^. 

In order to take the absorption of emerging particles while propogating in nuclear medium 
into account, the attenuation factors fn(TT,) and fp{Tp) are inserted in ([T^) . Assuming square- 
well approximation for the tt"'■- nucleus and p-nucleus optical potential, these factors have a 
simple analytical form ^ 


UT^) 


3/a 

AR 



(a = ir+, p), 


(23) 


which is entirely determined by the mean free path la{Ta) of the corresponding particle in 
nuclear matter. 

Now we compare our numerical results to the available data |^. Following the exper¬ 
imental conditions of @], the triple differential cross section was averaged over the angles 
50" < Fjr < 130° and 10° < Op < 150°. It is seen from Fig.3 that our results for the 
^^(7(7, TT+p) cross section progressively underestimate the data with increasing photon en¬ 
ergy. In Fig.4, where we show our calculation for the pion kinetic energy distribution, the¬ 
oretical predictions agree roughly with the experimental cross section, when > 80 MeV. 
At that time, we can not reproduce relatively large values of the low-energy data. 

We would like to note that our model yields a rather essential fraction of observed pion 
spectrum, especially for large energies. The calculated cross section has the same order of 
magnitude as that obtained within the VM approach, which attributes all vr+p-production 
events to the hnal state rescattering processes as mentioned previously. The results of VM 
calculation are also shown in Fig.4. One observes a strong difference in shape of pion energy 
spectrum predicted by two models. Whereas the VM cross section, which is expected to be 
governed mainly by the reaction phase space, is concentrated in the region of small and 
falls off rapidly with increasing pion energy, our curve peaks at = 90 MeV and shows only 
a little value of the low-energy spectrum. 

It is necessary to give some remarks in respect to the validity of our calculation. As far 
as we are concerned with the averaged values of the exclusive cross section, our results are 
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expected to be not very sensitive to the choice of the model ingredients, such as the shape of 
A’s momentum distribution as well as probably more accurate inclusion of pion and proton 
distortion in the final state, etc. Thus, we hope that possible changes brought about by 
more sophysticated models will hardly be significant. However, some effects can markedly 
modify our quantitative conclusions. 

First there is a large uncertainity in the choice of A magnetic moment Pa++- The value 
Pa++ =-2.3 n.m. 0 used here differs greatly from pa++ = 5.6 n.m. predicted by simple SU( 6 ) 
model. One can also mention relatively large value /iA++ =4.2±0.5 n.m. obtained from the 
—>■ 7 r+p 7 analysis |^. Regarding Pa++ as free parameter, we obtain a strong increase 
of the cross section by about a factor of 5, when varying the magnetic moment in the range 
from -2.3 to 5.6 n.m. Thus, it is very important to know the precise value of fiA++ for an 
accurate calculation. 

Another probable modifications will come from the more refined study of the role of 
A isobar conhgurations in ground state. Indeed, the number of deltas of about 0.07 
per nucleon given by the model [Q, which we adopt here, is relatively high as compared to 
Na ~ 3.7% []^ for the nuclear matter as well as to those predicted for finite nuclei (generally 
less than 4% p[). 

In conclusion, the aim of this paper is to attract the attention to the A{'j, 7i~^p) reactions, 
which offer unique possibilities for testing and extending our knowledge about A degrees 
of freedom in nuclei. Our results for ^^ 0 ( 7 , vr+p) reaction are in rough agreement with 
the existing data |^. The calculated cross section is comparable to that given by the FSI 
mechanism regarded by VM model [^. Coming back to the Fig.4, one can speculate that the 
observed cross section is filled by both channels, although we recall that the uncertainity in 
the model parameters makes our quantitative conclusion rather ambiguous. In this respect, 
it is important to point out that more usefull information on the role of virtual deltas in 
A( 7 , tt+p) reactions may be obtained from the true exclusive data (not averaged over a wide 
range of angles as presented in 0). Such measurements make it possible to separate the FSI 
background from the A+’''( 7 , 7 r+p) events. Experiments along these lines are in progress at 
Tomsk synchrotron. To complete this discussion, we would like to note that the ^( 7 , vr+p) 
measurements on lightest nuclei, such as deuteron and ^H, are also highly desirable. In this 
case, the FSI contribution is assumed to be of minor importance and the information about 
A’''+( 7 , tt+p) amplitude may be interpreted unambiguously. What is more, minimal number 
of nucleons allows a carefull microscopic treatment of these processes. 

This work was supported in part by the Russian Foundation for Fundamental Research 
under Contract No. 96-02 16742-a. 
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Figure captions 


FIG.l Diagrams for the vr+p amplitude used in the present calculation: s-channel 

term (a), u-channel term (b), pion pole term (c), seagull term (d). 

FIG.2 (a) Angular distribution for the > 7r’''p reaction in c.m. system. The curves 

present the contributions from different terms depicted if Fig.l: full calculation (solid), 
s-channel term (dashed), u-channel term (dash-dotted), pion pole term (dotted), seagull 
term (dash-double dotted). 

(b) Total cross section for the 7 A’''+ —tt+p reaction. 

FIG. 3 Triple differential cross section for the ^^(7(7, vr+p) reaction versus photon energy, av¬ 
eraged over the angles of emitted particles 50° < 6*^ < 130° and 10° < 9p < 150°. 
The pion and proton thresholds are set at = 30 MeV and Tp = 50 MeV. The data are 
taken from |^. 

FIG. 4 Pion kinetic energy distribution for the ^^C'(7,7r+p) reaction. Step line is the VM 
calculation [^. The data are from [^. 
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